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(57) Abstract: 

PURPOSE: To obtain the surface acoustic wave element 
employing a diamond with a high efficiency having an 
operating frequency in a range from several hundreds MHz 
to several GHz in which an especially high operating 
frequency is used selectively. 

CONSTITUTION: A range of a film thickness of ZnO is 
specified in the relation of a wavelength and the mode 
of a surface acoustic wave is specified simultaneously 
in the surface acoustic wave comprising a diamond layer 
2 or a substrate layer 1 and the diamond layer 2, a ZnO 
piezoelectric film layer 3, a double split electrode 4 
and a surface short-circuit use electrode 5. Since the 
surface- acoustic wave element in which a surface 
acoustic wave at the electrode is less scattered and a 
propagation speed and an electromechanical coupling 
coefficient are large is obtained, the surface acoustic 
wave operated at a high frequency band from several 
hundreds MHz to several GHz is easily provided. The 
surface acoustic wave element is suitable for a band 
pass filter, a resonator, an oscillator and a convolver 
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(57) [£«)] 

Kli, Z n 0)£m.&Wmt?7)l*7V y h«8SK.tf 
*S<E>£cZ>T. Jfcl 0 0MHz^6»GHz#OJ*«jR« 

*Tftfe*-*#ifc8ffi»*^ - tana 

*S. %tB«. a>#;p 



( 2 ) 

1 

tt^ffi&^tC&V^T, ZnOiOfMH, #tt^B 
i&02gg£A<fcLT, (2 « • H/A) (2tt 

• h/a)=o. i5~o. 5&ffitc-rmffi.T?W)i@ ! zn 

•5, #tt*®&O0:ik : E-H&-£W4 0;k ; t--H©3f& 

jawfcsfUjBTsvswtttrsattaiS**^. 

$Sfit. ^©±fCZnOJl£fftJiLT/#S#ttSt®& 
3t^tC*5^T, ZnOlOfMH, attSEM&OiSfi 
^Aibt. (2 * • H/A) (2tc-H/ 

a) =0. i~o. 7^^fc-r«iSTSbe$n«., att 

Siioi^-H^WJ l H©3f&iSiH*£ 

£SH«U ^©JifcZnOJBSStJIbTjfcaatt*®* 20 
sjt^Kfc^T, Z nOJlOff^-SrH. 3fttS®gcO*g 
£A£LT, (2 7C • H/A) ©«#. (2tc-H/ 

a) 2=0. 8^jsfc-r«jfiT'i!je$n^> #tt*®&© 

3 5k*- H W4 3 3k*— HO 3 {gJt&tliSSrfiJJS-f -5 

^CiicZnOI^tiL, ^©iitcS®® 
»ffl*«**»LTJ**»tt«ffii[!*^fc*V»T, Zn 
OICf^^H. #ttgIt©tS5AibT. (2tc 30 
•H/A)C0ffi*t, (2 7C • H/A) = 0 . 15 — 0. 

SSV>ttO;k*-H©3teiSSS&&fUfllT5^4$m<i 
f-satt*®*^. 

£BE«U ^-0±ICZ nOIOTl, ^©_hlcg?®@ 
LTj**#tt*iB»^K*iV»T. Zn 
OI©J?**H, ^tt«M)SE©&S*AiUT, (2 7t 
•H/A) ©Ma*, (2 7t-H/A)=0. 1-0. 8 40 

**fctuaT?jae$n4, ®ttst®&© 1 h* 
sattxiitt*?-. 

£ESU -^©JtiCZ nOiSML, ^©-t{C«®@ 

»fflWi*8MibTrt*5Mfe«lB**Tfi:*v>T. Zn 
OifflS^SH. #tt^MS?CDStSS:A iUT. (2 tt 
•H/A)©tt**. (2tc-H/A)^0. 8*Slfc-r 

fltifi-cafisn*. wttatffijftoDSJkt— H**v»tt3 so 



5-8 3 0 7 8 

2 

*>FIH:0»Ste*R*#JB©JiEZnOli£»JlU J t 

|ft:*^T, ZnO«CDi?^SH> #ttS®a£©i£fi 
$AtUT, (2* • H/A) OftM*. (2 * • H/ 
A) =0. 2 5-0. 5£8^cT#t3fiTS&ig£*"l£, 91 
ttS®&© 0 H & 5 W4 0 3k*- K03 ttjgH& 

*>l«Jij&>5fcS8i*#JB©±»::ZnOJB£aUBb, 
<D±.\zif7)W7*) v H«1S£BESLTfiJt£lstt^®i& 
Sft^-lCiS^T, ZnOlOfMH, #tt*®$[©i&g 
^Ailt, (2 7C • H/A) ©«W», 

a) =0. 3~i. 2&mtz?mm.-v®mztiz> sw* 

«®#t© 1 5k*- H**V>»4 1 3k*— H© 3 «S5ia&* 

*>HB^£>&5l£1tWl©Jt:tCZnOJl£«JIU 

*?fc*V>T, ZnOlOJSMH, 3Stt:g®2£©$ig 
$Ailt, (2 tt • H/A) ©ffi**, (2tc-H/ 
A) =0. 4-1. 0**ifr«iftTBfiSn*. 5»tt 
S®ifc©3;k*— Ha&-5Vi»4 3S*C ; E— H»3fgifi5aB^^ 
ftffflT«*S4*«£T*»tt3Effl**^. 

"V*> H»^6a*«*#)B©JilC«iiiffl»ffl*«*l» 
§t. ^®±(CZ nOH^WJlb, -€-<DiifC^^xy 

u nasEibTrtsittaBSsifFK^nT, z 

nOJI©J?#-£H. #tt«®2£©*fi£A <hLT. (2 
« • H/A) ©«W», (2 7t • H/A) =0. 15- 

0. 5SWfct-*ifnrJ&jE3**. »tt3?®&©0ik* 

- K** v»tt 0 ik*- HO 3 «iSWift*!Wffl-r***«r 

[Will ^-fir*> KWftfcWiWRIii^-r 

■v * > h *> tz z> mmwrn ©_kfcg® mn&m mm & m 

J1U -?-©_LtCZ nOJf £*J1U *<D±.\z¥7)V7.-7 

u y h*«*E«LTtf awttOTStaFPic^T. z 

nOl©»MH, #tt3i®2&©®E:B£A<i:LT> (2 
7C-H/A)Offl^. (2tc-H/A)=0. 15 — 

1. 2*s»fe-r«iaT!jaiesn*. attain*© 1** 

- Pft« Vstt 1 Jk*- HO 3 ffiigliK^fUffl-r^.*Sr# 

[ffi^l2] ^-f-f^HW&^teMSIlt^-r 

^-OJhtCZ nOI5«It. f«±i:^M7 
hftSS-B2BUTfi£-5.att^®&^fC*3^T. Z 
nO|0i*IH, SttSIifiEOtMAiLT. (2 
rt-H/A)Offl^. (2tc-H/A)=0. 5-1. 
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3 

w± 3 x.^- f© 3 mnmk^mm-r^m^m.ti 

[0 0 0 1] 

w.m±.omm&m £©%bji«8cwmhz^s&gh 

[0 0 0 2] 

[0 0 0 3] jfi^. £j£tilfg**m*:U fi^m^^T 

^©ss^ie^-c^*. -mzw^mmm^m 
^ummmm^mm^^^n^o raujaws©* 20 

*v#tf», SS^«^ST-&X.-5„ ^T'^jSC^Sitf©* 
j$£f?0^-^>F (^KOjUS : 1 30 0 0m/ 
s. ffi&0)m& : 1 6 0 0 Om/s) SiMibTfflVi 
5*ft^SnTU5. (^JA«^0a6 4-6 2 9 
1 1 ^18) 

[0 0 0 4] -&fC3«43?ffi2!SEiSl^«. ^-©«^tatt*S 
[0 0 0 5] 

[fSHj7W5?*LJ;c><h-r3BtjH] S«©-hlc?B^£n*: 

S. ZnOIffllf, ?4* ! E>\ t 0WlBli&Km&* 40 
«AJM*tft6fKlk £ ©H« i:o ViT I;tt£#£ <b*oi 

[0 0 0 6] #5EWtt. »IMHzi>5»GHzl:!Mf 

[0 0 0 7] 
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4 

tt*S*SiepK:*V>T. ZnO©ilJ¥©i6ffl £&«£:© 

HfTi^t, ra«»c9iittaiBa[©*-i«€*sr*c 

tt:i0, *dV>«1±&iB&etttj8& (V^5 5 0 0m 
/s) £*ei>«fttttttS*fftflk (K'fcO. 5%) $ 

[0 0 0 8] 

tt, 01 fC^-r«tCit®d©«®M-^WPldS:B^T2^ 
2&fiAteA = 8 d-eS**«, ;r©fl;St£*J?.£ 

mz-zt. &fiA©3<g©itjiBgt*s^wtr%^-rs. 

f-^TuOtl^IV^^ #e>*l3&gA' «A' = 
8 d/3^<®^$tx^eit^5nTViS. 

^£©^K©*g^tc«fc3ftfca©J£#£gMffl*.5> d <h 

[0 0 0 9] JJTFtCl 2©^&33M$. ^i@©fc©Sria 

(2 7T-H/A) ICi-pTtltS. WfliK^-r-V* 

TSiJoT, 2K&m^tz (2tc-HD/A) iCiotg 

[0 0 10] *5!^#?,©^(CJ;n«, BIJPH. HD 
B. ^©JRfitcWrsJt^eSRjgSV. 

±ia©/i 9 * - * k ct o £ #§tir £ c t ^Wffl x& 

*. 0 2~0 5{c*:%BJ©^ttSSK^©BlfM@^ 

r. -tn^niB^osu&fc. i. ii. iik imtmm 

[0 0 1 1] 0 2fil^©t>©^^-r. HtlttS 

i©±ic y^\*z>vm2&Mi8.v. yzf)V7.-7Vy 

h «@ 4 £^-©Jhl;if3:tt£: *>©-?&£. r©_h(CS6.(C 
ZnOi3«tl.. ilttttifclcy^'S^'f y (1) 

~ (3) (c*fj$;-r-5fe©t?$.-5. 

[0 0 12] 0 3 ttIlM©t)©*^-r. CtlttSiSIS 

h«S4£^)$U ZnOi3*Sltfcfe©T^5. d 
ei^TIitfr^JtlBlD-Cfe^^. £5fCZ nO»3©±»:: 

(4) ~ (6) l:»j&t5t)©Ta&?.. 

[0 0 13] 04ttIIIM©=b©$-^-r„ CtlBSiS 
«1©±IC. y-ft : £>Hl2 5«l/. ^-©JilcZn 
Ol3i£t(t, CO-klC^yOI/X^U y 
bfefe©"?*^. Ctlti^ClC^^^-l'7 r (7) ~ 
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5 

(9) tCftjfcT 3 

[0 0 14] 0 5«IVS©fe©^t*. dftlJS iSi 
mM5&mi&. £<E>tCZnOJ13£:JE^U Z\<D±\Z 
(10) ~ (12) tCi&JS-t & 

trF^-r y (i) ~ (12) \z-o^x^m^t 

©KSlCOHTteA ' <hU A ' =A/3£J:l>*-f-5fc 10 
<DftZ>„ 

[0 0 15] 0 611 y-fir ; E>HSOi»*HDS: (2 

7r • HD/ A ) =1. Oil. Z nO»CDi?*-H?r^t 

13t$ft«2 ^ • H/A&.tf 2 ?r • H/A' X& 
-5. Slttttfeffia* (m/s) T*^. uOMiOZ 
n Oil^V^/i^ ^a^#^y-l'^ ; E> H©j^g€r 
gtt^tX. &Wm&tf&<f3;2>. jtlttO^-F. = 
Atil^-h\ ES^«2^^:-h\ 

£fc IK^OO^Lfe^CD^ 20 

[0 0 16] CcTAtt01l:^ti5ft^W7'J 
hm®©l«ffl(C^tt-5feST^0. ^;i/7.yj-y 

£*l5 3fgilSII8&H &St5U © l/3fgi;:& 3 s§>, « 
ttt2 7t • H/AcD3fSCDfi:StC^J$;-r-5o b^L0 6 

^W-fiUCttTil^o (2tt-HD/A) 5:2. 0. 3. 0 30 

coviTtt«jS{cj:^«vi (i, ii, in, nmom 

V>) teft(,>„ 

[0 0 17] 0 7ttZ nO^COJS^HSr (2 tc • H/ 
A) =1. Oil. ^•^ ; £>HB©i?*-HD^ft$ 

zmmz&zw. y-i j r ; t>\ : m<Dm?>-\zte&£K)iiz& 

U^tUAS, (2 7C-H/A) £2. 0. 3. 0*3 

i^4. o izvtzm-&%mmm<D%i%:izt£2>. 40 
[0 0 1 8] 0 8*3^^09 1 rn.com miz-D^xco 

2 v^m^m^^^K 1 \*\,*?nv>m&\z^> 

^X%>bZfr-otz<DX. if7y\Zitm7nVX^f3.^\ 0 

8«^-r ^yvmom?)- (2tt-hd/a) #2. 0 

©»&, BStt^tt^Hi©** (2tc-HD/ 
A) jfi4. 0W«^fCO^TS!lSL,fc. 8Mtt«ZnO© 
J?* (2 k • H/A) Rtf (2 K • H/A * ) 
Z n OBd^V^i^tt 1 Jfet— K©«M8S«*§-&fl^K 
*7}**#< Z nOJf75W^££«0^-K©«M$Ma$ 50 
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[0 0 19] 01 O*5«fctf0 1 1 tt, IIli©1gjglCtn> 

-So 01 0«^-f-V ; E>H«CDP^. (2 7t • HD/A) 
#2. 0©»£\ 01 1 «y-T J V ; E>H)l©^ (2?c 
•HD/A) 75*4. 0©«-&lC^VvrW£U)£. Sttote 
Z nOIC9)|» (2 ?r • H/A) Rtf (2 tc • H/ 
A' ) T?**. ZnOJB**»V»£€rttl 

0 h* OltatS«^^#fcK ! < ft* . 

[0020] umti mitmmmn&mmm^miz^ 

TW^g&S. IIM©77^Z nO»C9^ift^^«-&, 

1 h v>m.m.®.mm&&ikK i a««fc o ** < &*. 

[0 0 2 1] 01 2*3«ktf01 311 IIISO«iUCO 

T, y-f -f^KJl©** (2 tc • HD/A) 75*2. 0 

(012) £4. 0 (013) <D«^JCr>^T«l3£L 
fZo IStttttZ nOiOi^ (2 tc • H/A) (2 tc 

•H/A' ) ZnOB^^tlt^Wi^^ 
f&K'T^/jNj*^. (2 7t • HD/A) =2. 0©B#fC« 
Z nOHdWV^iCl^-HTi^aTfeSo ^-f-V^E 
>HBt5WV^ { (2 ?r • HD/A) =4. 0} Z n 

0. 5%£iBx.£„ 

[0 0 2 1] 01 4*3J:^0 1 5tt. IV^CD^fjfitCOVi 
T ©««&«*£-&«$: K J © ifflSgiSS * mt if 5 7 "C, 
^•^^-FB©/^ (2 rt • HD/A) rt*2. 0i5<fc 
#4. 0©»^KOViT«Sbfc. SiaZnOlOd 
(2 7t • H/A) TkXf- (2 7r • H/A ' ) 1^5. 0 
1 6teZ nOB©i?#- (2 7t • H/A) 7)*2. 0 
KlO^TJMjebfc. #Wftfiy^^>K»©JP<£- (2?t 
. • HD/A) TkXS (2 7t • HD/A ' ) 
[0 0 2 2] C©«ia«IIlMfC*B@^ffl«®SStt 

: E>HB©J?* (2 ?r • HD/A) =4. 0©i^«0 
^-^7)*. (27T-H/A) = 0. 5~2. 2T*. 

jftii^lCOViTtt (2 7t • H/A) =0. 17~0. 7 
3 «»K* tflO. 5% Zm*. S . 

[0 0 2 3] T/lT^^-f ^"1 2 STO^] 

II ^7"1> 2. 3 

(^-fyi) ^-fir : E>HJB*-6V»tt*R)Bi:^ r -f-V' 
; E>H»^e.75:^S|*#H©±{c^7 r ;i/X7 , ' , J «>• h«@ 

^tC*5liX. ZnOlOSMH, #tt«®2S©&g 
^AtUT, (2 7T • H/A) ©filtt^ (27t-H/ 



( 5 ) 

7 

A) =0. 15~0. 5£^fct«igT®ig$n-5. W 
ttS®}£© 0 h* &Z> 0 ^^E- K© 3 f&iSSilig 

CO 0 2 4] &ffijS«V}C|lbT«, (2 ;r • H/A) 
te/h£V>{3<b*mS&«Vte*€<&9S£ b«f»«« (2 k 
•H/A)=0. 5T*V=7 0 0 0~8 0 0 Om/s , 
«^tS«^#tK ! t:MbTB (2 7t • H/A) = 
1. 3~1. 5 K:fcV>TK ! = l~3 

y^xyjy h»ffi*JBV>TV>*fcS&, 2£gteA©l 10 
/3fg£&»). (27t-H/A)=0. 4~0. 5 ft 

CO 0 2 5] y-T-V ; £>KJ^^ffl^-5*^!rtt > ( 2 tc 
•HD/A) 2=3. 0TJfe-5^t*ta*bV». {SU H 
D : y-ft^^MClW, A : #tt*BHft©*ftT* 
(2 x • HD/A) tf**€Kfc*K£ttffijS«Vtt 
±£<ftD> (2jt-HD/A) ^0. 3<tO/J>SVii 20 
fi«iafiV#5 5 0 0m/s±D<hS<ft5*^*»* 
-So Sifcfc&tMftBtefMfcK'ttO. 5%«fcD/h£<& 

CO 0 2 6] <£"f72) (2 7T • H/A) ©fit^\ 

(2tt-h/a)=o. i~o. 7 **»*:-r«fifiTaie 

sns, 3W£*®&© 1 #^6— HWWil**- F© 

3fSisia&^fijfflT«.*$r#?st-rs. tt«iS*vfcM 

UTtt, (2 7t • H/A) «/hSV^at£ttffiSS«Vtt^: 
t<&0ai LVidt (2 7T • H/A) =0. 3~0. 5 
TV=1 0 0 0 0~1 2 0 0 0m/s, iMtSi^i 30 

ICMLTtt (2 « • H/A) =0. 75-1. 2 
5iCi5V^TK ! = l~3%^f<)5;'3liLK 
[0 0 2 7] V&flra&UT3ffi&H&£3ftftK:a>£ 

©l/3f&»C&9, V= 1 0 0 0 0~ 1 2 0 0 Om/s 
SrW^fcfelCte, (2tt-H/A)=0. 1~0. 2, 
3 «i65IS&TiSiVi«^«M^^CK' = 1 ~ 3 % 
Z>1Ztb\Z\t* (27t-H/A)=0. 25~0. 4tt 

«R#m/3fcfcoafc**tt»ftl3n*. 40 
[0 0 2 8] y-f ^>Kffil£fflV>3i§-&tCkt, (2« 
•HD/A) ^0. 5f^Ci^a$L.K (2 ?r • 
HD/A) A^<a«ai'fiMVU^f<fi;D > 
(2 7r • HD/A) *»0. 5 J:0/h*V»4:ttffijS*V36« 
5 5 0 0m/si0/W<ft5i^W. • 
«^-&«fcK'tt0. 5X£0/h3<tt«*toftt&«. 
[0 0 2 9] (^^3) (2 * • H/A) 
(27C-H/A) ^0. 8 S»fcT«ift-CBSiB5Sn*. 

&© 3 ik^e- h vi« 3 f © 3 mism 
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(2 x • H/A) tt/jNSv»«£ttffiiSfltVl4:*:#<fe?) 
gSLH*i (2 7C • H/A) =2. 5TV=9 0 0 0~ 
1 0 0 0 Om/s , «M^«iSg^S!cK , tCHLTtt 

(27t-H/A)=2. 5 5-^4. 0t^<^gi' 
K' = 0. 5~ 1 %t^cf <S0SS LVi. 

co o 3 o] in^mstLTSfg^ia^^swwicsije 

©l/3f&(C^D, V=9 0 0 0~1 0 0 0 Om/s £ 
#*fc8&K:tt. (2tt-H/A)=0. 8, 3fgit5EI#E 
TH5^«Stta««g^ScK l = 0 . 5-1 %£f#Sfc© 
tC«. (2tt-H/A)=0. 85~1. 3 3itnS 
H©^f, 3^-F©g#2£fci#ffiL&^©-C\ 

[0031] y-rtt^Kisiv^^ictt, (2k 

•HD/A) ^0. 5"C**^t3ft«a*bV». (2k- 
HD/A) at*£<&5i3:£<£ffl»SVte*#<;fcD> 
(2 * • HD/A) #0. 8 <fc9/h£^<ift*gji&V# 
5 5 0 0m/s<kf)/J^<^i^^ &tz.W.iS.m 

[0 0 3 2] IIS *<:/4, 5. 6 

^>Fll^e>ftSB§*Wf ©J;tcy:/;ux:/y h*Si 
£SESU ^OllCZnOISilL, -t©JLK:«B5ffl 
KiSffl««*«®LTfi)cS#tt«iSife^tC*3ViT, (2 
x-H/A)©#[*^ (2tc-H/A)=0. 15~ 

o. s&wfrmm.tm&-&n&* #tt^®?s©o^ 

[0 0 3 3] {Sffi^gVlcMUTtt. (2 7t • H/A) 

wi^wzz&mm&vu^Ktevms. (2 k 

•H/A)=0. 5TV=7 0 0 0~8 0 0 Om/s. 
*»**Mfi-&«*K , lcMLTtt (2 7t • H/A) = 
0. 5~1. 2W, 1. 3~1. 5 1C*5^TK ! = 1 

Z>tz#>> &*«A©l/3ISiC^:D. V=7 0 0 0~8 
0 0 0m/s^fc*l:tt, (2 7t • H/A) =0. 
16, 3«W»«TWVMS*«RK , = 1~5X£»* 

fcJ&tCte, (2?r-H/A)=0. 1 6~0. 4 iftX 

£©b#. ojkt— F<oa*ft©*atB«*s^« 
^©^^a^wic^om-rct^m*^. 

[0 0 3 4] ^f-V^:>KmSrfflV^«^-tC«. ( 2 K 

•HD/A) ^0. 5?*4it^gtLK (27t- 
HD/A) a**#<;k£t5«t*&fflM«V 0. 

(2 7c • HD/A) #0. 3 J; 0 /h£ t^<t &*Bja«V#s 
5 5 0 Om/s i 9 /h£<& -5 ^fc*^ 
tttfteflMBcK'ttO. 5%J;9/hS<&-3»-&#& ; 5. 

[0 0 3 5] (^75) (2 tt • H/A) ©fit^ 
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(2 n • h/a) =0. i~o. ( 7 &ffi%?mm.Tm& 

$n^, ^feSS^wi^-Kifc-SWil^-h*© 

L-T«, (2 7t • H/A) «/h$V^S£te1SaaiV«^ 
t<a03iU^ (2JC-H/A) =0. 3-0. 5 
TV= 10000~1200 Om/s. m.%i&W(£-£;& 
gcK'tcWbTW: (2 Tt • H/A) =0. 5-1. 5 tC 
iSUTK' = 2 — 5 %£*#<&0ll£LV>. 

[0 0 3 6] WE2«S£LT3rai«Pi££aWWcS!)e 
-r^^y^X^'Jy h«S£JBV>TV>£*:©. SfcRteA 10 
<£>l/3te(C&9. V= 1 0 0 0 0 — 1 2 0 0 Om/s 
Srf#-5fc«6{C(i. (2tc-H/A)=0. 1~0. 1 

£#•5 (2Tt-H/A)=0. 16-0. 5 

fcrn'«Ati. ^©R#, (2 Tt • H/A) j&t-O. 3UTF 

/A) #0. SUST-SoTfe, »*«0«^«l««S^# 

&ttii&Wi&© i/3T$D, »#&te«i$>J£n. itSV>J3 

io o 3 7] y^^^ypm&m^zm-Biizi*, (2k 20 

•HD/A) SO. 5T*5i:ti)5iJLV\ (2 Tt • 
HD/A) tf±Z<ZzZ>te£&mmmv\tt%:<ti.r), 
(2 tt • HD/A) #0. 3<fcD/h£^£&*Bjt«va* 
5 5 0 Om/s J;D/h£<&5*&75*a5£. 

[0 0 3 8] (^-f^"6) (2 Tt • H/A) ©ffi#. 

(27r-H/A)^o. 8*»fc-r«aiTjafisn*, 

»tt*Hafe© 3 ^^E- Vitt 3 Jfct- H®3 flgffiM 

(2 ?t • H/A) «/h£(^«£&ffiiSKVte;*:^<&:D 30 
SSL^t)* (2 tt • H/A) =2. 5TV=|5100 0 
Om/s, tt&fRfeU&&ffiftK* tcHLTtt (2 Tt • H 
/A) =2. 5 — 4. Oi^^K&SKi'K' = 0. 5 

[0 0 3 9] ff»tt«£LT3ttttH&&]BKBCliaaig' 

©l/3{gtC«:r), V^lOOOOm/sSfSftft 
tCtt, (2tc-H/A) =0. 8. 3 fg&SiiSTiS^tt 

aHanMe^wftK' = o . 5- 1 %*nz>K.#>\z\t. 

(2)r-H/A) SO. 8t-rtltt&^o CCOm. 3X. 40 

[0 0 4 0] ^-f^ ; E>h*l^^V^*-&{C«. (2jc 
•HD/A) §0. 5T»5ri*«ai UV». (2tc- 
HD/A) #*€K&S«£ffi*»«VM^*<&0, 

(2 7C • HD/A) #0. 8 J;»)/h$t>£&ffljgfifVj&* 
5 6 0 Om/s AD*S<ft*1W**S. 

wuf'&wscKMao. 5XJ:D/jvg<fc*»£ja*a*. 
[0041] ins ^77, 8, 9 

(^77) ^^>h*8a&-5^tt»«Si:^-f^ 50 
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*>FIB)fr&fc*Bi*fcJl©±K:ZnOJB£»JiU ■* 

IC*3ViT. (2 Tt • H/A) ©fit**, (2tt-H/ 
A) =0. 2 5-0. 5£}jfc/t-r«3fiT!5!)ig$ft*, # 

aSVCBLTIt (2 7C-H/A) tt/hSWBifttffi 
8KVK&:S<tt9a£UV>;0< (2 7C-H/A) =0. 
5 TV= 7 0 0 0 - 8 0 0 0 m/ s , m£UMMSftffi£c 
K' tcHILTte (2 Tt • H/A) = 1 . 0-1. 2 5 1C 
*5ViT. K ! =»l%i^<ft01JLK 
[0 0 4 2] flmMtS&lTSttffiMftSXKncttiB 

©l/3tetC&9. V=7 0 0 0~8 0 0 0m/sS# 
■BlfcJ&Klfc*. (2tc-H/A)=0. 15. 3fg^li& 

(2Tt-H/A)=0. 15-0. 4 tttltf AVi. C 

©u# o j*ct- ^(Dm^mtm^mm^^mm^z^ 

[0 0 4 3] y-r-*-^ FK$JBV>«Wft£tt. (2tc 
•HD/A) ^0. 5T»5ut!5«ait^. (2tc- 
HD/A) #*€r<fc*K£titf«SflEVtt:*:S<fcD. 

(2* -HD/A) ^0. 9J:D/h3lr»£ffiffiJS*Va« 
5 5 0 0m/siO'hS<Sl.i^^. 

[0 0 44] (^-r^8) . (2 Tt • H/A) ©fit**, 

(2 Tt • h/a) =0. 3~i. 2 zmtz-Trnmrcmm 

#tt£Hifc© l Jfct— FfcSWilJfe^— F© 
3fg^!Sa££ftJfflT-5*£#mi:-r£. ft*Bi$*ViC|IS 
LTtt, ( 2 Tt • H/ A ) tt/hSUKE4MBiS«Vfcfc*: 
f <a ; 0SSU^ (2.TI-H/A) =1. o-ev=7 
0 0 0-8 0 0 0 m/ s , tt&fRttSS^fi&ftK' tcR b 
Ttt (2 Tt • H/A) = 1. 0 — 3. 5 <a^lf 
<h\ K' = 0. 5~3%£*^<&0a£L^. 

[0 0 4 5] «K^«StUT3f&li!3ijSSS*?WtCi5!iS 
•r*^;pxyj y h«@*fflV»TViSfc8e>, &*ttA 
©l/SfglC&O. V= 7 0 0 0 — 8 0 0 Om/s 

(2ti-H/A) =0. 3 3. 3ftiSH& 
TiSVi«^«^-&#^K ! l X£»*fc*Ktt. 

( 2 Tt • H/ A ) 2=0. 3 3 t-rntSfiVi. d©B#. 1 
^-h*©S*«tt«MtStt^#^*#tc/hSVi/t 

[0 0 4 6] ^-V^E^KSfflHSS^fctt, (2Tt 
•HD/A) SO. 5TS-5^i^S^LV^ (2ti- 
HD/A) T)^#</5:^.Si:{4tBjSSV«^<75:D. 

(2 Tt • HD/A) a*0. 5<tO/h^lii:efflaSV*i 
5 5 00m/s<tO/hS<)5;5i-&^5. ^/t^Mfei 



( 7 ) 

11 

[0 0 4 7] (5"{-79) (2 it • H/A) 

(2tt-h/a)=o. 4 ~ i . ' o mrQmu. 

UTtt. (2 tc • H/A) *4/h£^«3:£&ffij$«Vl4* 
#<^DSSUVi^ (2tc-H/A) =1. 5-CV=m 
1 20 00m/s, t^»«i^#tK ! \ZM LT14 
(2tc-H/A) =1. 8 — 2. 5(t^3ViT, K ! = 
0. 5%t*0M$tK 

[0 0 4 8] #J^agi:LT3^?iSliiSt^SWWtCS!je 10 
©l/3f§l£&9. V= 1 2 0 0 Om/s £#-5fc«e>tC 

(27t-H/A)=o. 5, 3mMmm.x'is^nm. 

= 0. 5%^^-5fc*(C«, (2tt- 
H/A) =0. 6-0. 8 ft«&<^. £©1$. 3& 

[o o 4 9] y-f^^yFmzm^&M&zte. (2k 

•HD/A) ^0. 5T^ut^SibK ( 2 tc • 
HD/A) #*t*<&3f3:£ft*Bj^V«*1*<ftD, 20 

(2 tc • HD/A) #0. 8 £0/h;*^<h&ffljagV# 
5 5 0 0m/sJ:D/J^<&5*^2.. 
*S*g-&«$CK ! tt 0 . 5%<fcf)/h;*<&£i§^&3o 

[0050] IVM M^IO. 11, 12 

(^710) ^<ir*>FJB»*v*tt««jBt^-f 
JiU -tojiicznOiSiiL. -e©±{cy^x^ 

(2 tc • H/A) ©tt#*, (2tt-H/A)=0. 15 

~o. 5 fcw&Tflraraaestt*, #tt*w©o* 30 

^e- F &3 W4 0 3fc*— F © 3 tBSSIBSt^Jffl-r 

14, (2 tc- H/A) li/h^^Bi'fi18iiSVIttt< 
ftOSiUW (2 tc • H/A) =0. 5TV=7 0 0 
0-8000 m/s. «^tStt^^#i!cK , KM Lttt 

(2tc-H/A)=0. 50-*l. 5i^<65g 
£\ K J = 0. 5~3%£*#<ft0a£LV>. 

[0 0 5 1] tt&8K£LT3ffi«9l&&aftttlC&j£ 

©l/3telC&D. V=7 0 0 0~8 0 0 Om/s 40 
*ifc*fc:K, (2 tt • H/A) =0. 1 5> 3ffiS5ll«t 
Tfc^W&ttttttftflHfcK^O. 5-3 
K14, (2tc-H/A)S0. 1 5tTntffiU. £© 
P#. (2 7t • H/A) #0. 4 5HTt[iO^ ; e-HO 

* tttiu ±<Dmm-cb. 3 mm 

[0 0 5 2] ^f^>F«l£/8V>&«£rK:«, (2tc 
•HD/A) SO. STfe-Sdid^MSUVio (2tt- 
HD/A) ^#<^:-5S^+B)*SV«^:^<^D. 50 
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(2 tc • HD/A) #0. 3 J:D/h£^£&ffljagV75< 
5 5 0 0m/sJ:D'i^<45i^5. 
*fcig&^»K ! 14 0 . 5%«t0/h^<^ ; 5»^*^'5o 

[0 0 5 3] (^-mi) (2 tc • H/A) =0. 
15-1. 2 SStifrflKre&SSft*. ?«&«fl5a£© 

i&^e— F&si/^ii^— F©3fsi«iastsfijffl-r« 

*^#iiti:-r^o •feffi^SVtcHbT«, (2tt-H/ 
A ) tt/hS £ttffijS£V tt** < a k> a* U 
(2tc-H/A)=0. 5tV=«1 0 0 0 0m/s, 
fcAtMrtB^-WStK' IcRLTtt (2 tc • H/A) = 
0. 5-* 3. 5t^<&-SB£, K ! = 0. 5-3% 

[0 0 5 4] ff&ra&LT3ftffiNft&aft*)K:aS 
-T^^^X^'J >y hm®$ffl^T^-5feJ6. $cfittA 
©l/3fg«:i&9. V=7 0 0 0-8 0 0 Om/s 
-Sfc&tCtt. (2 7C-H/A) =0. 15. 3teiSSSiS[ 
Tig^*mt£«&-&«&K' =« 1 Xfc#*fc»Ktt. 

(2tc-H/A)=0. 15—1. 2 i-r*U4&^„ d 
©l£, lSfc^E-F 3tBiSWi£©«^tK«& 

[0 0 5 5] y-f •V ; e> FfltSJB^SW^lCtt. (2tc 
•HD/A) SO. 5T$*uti<gJtV>. (2tc- 
HD/A) 7)i±#<7i-SHi'effiaSVt4^:^<^D. 
(2 tc • HD/A) #0. 5 J;0/jN^^i<4fflilSV7)i 

«^-&^K ! t4 0. 5%4;D/h$<7 v j:^*^*-£>. 

[0 0 5 6] (^712) (2Tt-H/A)©<g 
75t> (2tc-H/A)=0. 5-1. 0 SrSjfc-r^ifitf 
S&e$*l-5. ^•tt^B^©3^-Ffc^>V^4 3^ ; E:- 

F©3m«i9&£#j;iT3*£#m<h-r3. ■sffljiav 

KHl/.Tfl. (2 tc • H/A) tt/Jv3V>«£ttffiiS&V 
f4^€<^^a^bV^M2 tc • H/A) =1. 5TV 
= m 1 2 0 0 Om/ s , 
[0 0 5 7] WMW.MtLT3mmMfcZM1R(M~m& 

-rz>y7)V7>7v v hnuzm^T^zrctb. asgttA 

©l/3{gfc:&9» V=^J 1 2 0 0 Om/s Srtt^fc* 

Ktt. (2tc-h/a) =0. 5, t-rnt4^^. 

[0 0 5 8] JiIE©^ y 1 - 1 2 ©£T©*^tC*5^ 
T, (2 tc • HD/A) 2=4. OOf^, tWVR 
7JC«^«3S^»K 8 14 (2 tc • HD/A) ©«(Cfe 
«i^t*-^(CT5:§„ ^-rir ; E>F«i:LT¥ 
^y-fir ; e>F^^fflb7 t ci:€»ct4, iO«*K"S* 

[0 0 5 9] 

mmmi H2*»sB5K:^u*:4aHo»tta®«7 
-B-xf^mbifco ^-©^^^^-^ttsaa^b. -€-©»^ 

^Kfcf «kO?»tt«MSt©firffi3llfiV= f • A$:*Je>. 
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[0 0 6 0] lOmmXlOmmXO. 3mm»S iS 

i±i;v^ y d^5X7 cvDm^m^x^ ^ > 
; £>Ha- hmm^m^xm^ commit 3 o 

-eWigbfc. #^.sy^^> Fwi^tcte ch, £H, 

T10 0«K:#f?Ufc#X*JB^;fc. JMSB^ 

(10 0)lSiilLt%OTi&5. ^neoM^V^T 
tlfclO'Q- cm^±©igia45£#bT^fc. 10 

[0 0 6 1] WSLfc^^^FSMtc&iftJiDgi&fC 
iOAlS5 0nmlfl, y^rh 1 ) V^7 7-f-j£S 

*©±fcffi*#£LTZnOift(t£?Bj3El>fc. 
ZnOW, Z nO^JSISA r t»*©B^"C 

4 0 Ot, RF/17- : 1 6 OW. S.f) : 2. 7 P at 

[0 0 6 2] Xrty^U>^0MMII£XX.«C&lCJ:O 20 
ZnO©«»S«S-r-5Jli««T*, ZnO0)KJ9€. 
0. l~4Aim©fc©£fl5iSLfc„ iine>CDZnO^ 
BXftn y * >^*-TCo Of*J 1 . 3~2. 2ic 

1 6 ICtSLTV**. 

[0 0 6 3] ^-T-V ; e>HJl«S«©— mT'&iT**. 

««*»ittTr*oTt>j:vi. ^fcy-Y-v^oHSjaai-r 30 

5fcftOi«il/Ttt. S i. Mo. W^O^ItSM^. 

&jb. ^7X. t7$w. atfttt. »t 

(2tt-H/A) L^Lft^S^-fiT* 

1f\Z/frtSW&* (2tt-H/A)^0. 5 CD* 

[0 0 6 4] ^ tt> KSIOM^ttC VDft, 40 
/7X7CVDS, PVDS. ^7^7^>hftf. & 

[0 0 6 5] /\Dy>I^$ML#5^Atli, AO 
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HU7yft^^>, 77ftlfl^>f©^77^>ll. 

jft&^rt fc#A-r* c: t k «fc o*«ts«£Ttf * n 

T*, 2 0 0^9 0 0tT^t : E>F^«Tf 
[0 0 6 6] Any>#;m**7C*£©tt-&2ja«:** 

[0 0 6 7] ^tti' HOilSlSOfcOtJRWOfi 
li*fe»#-C»-5. L*l/B, Al, P, Sl?©^^ 

•5. 

[0 0 6 8] 94 7l~6<D£olzy-( J V : £>Fm&Z> 

ttHftatffT?**Jia:3^<&K7f»«. 0'Q • 

c m£*±, 5 <=> KJff * L < tt 1 0' Q • c mH±)J»S 

Tabs, isfc^-r -v^FJBi&swi. Mbfc^-ft 
^>F»BI©S?ffiii. S$ttSE®i&©«c£L^©te©iI2c£ 

[0 0 6 9] Sfcxbr^^s/^^jsfeK:.];****^^ 
%>FWK'bieAT««. ZnOlttAA-y^S1>CV 

fcKlRltt) T 3 0 £t7T* 0 . i&trE^tt 1 0 ! Q • cm 

[0 0 7 0] «f»«@Rt>*gm@«Sffl«SfflM^ibT 

Au, A 1 , Cu^©{ESTifg«1iJfg& 
Ti, Mo. W^(DiSMT^l«Sn?.^®. £fc 
T i ©JiJCA 1 ££*L)fc#&2«»£U:©&JK£ffllr> 

[0071] ss^«s©^S73ffiti. 9.um&mi$.m 

V'JT, hSr«affl^S*®^-tca*L. 7?5X 
^©il0J¥« (C#^«ffi A ^ - > * #T S 7A y Sr ©H" 
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-5. 

CO 0 7 2] «A«, «f*ljimit5i:, — *©# 
MItWfiAliA = 4/imT$t). &*B>1&V= 1 
OOOOm/s TStttSt, »ffrSafc» f = 2. 5 G 

WttWtt-*£, Mtt8<jmT»54«. 3 fgifSIfflSi £ 

OOOOm/smi, 3. 7 5 GHz t&D-jR® 

[0 0 7 3] WOX?^ jTftffitt. A 1 <p" 

8fcTXy^>inirflET*3. ffillA&JI'b7yK&flMk 

oa-&»*?*fflv»Txy5 i >^riE'r»s. $fcBci 

[0 0 7 4] 

[»8P!©8**] *KHlcJ:tti£ xyU77^<. 

V »#tt*Bf ttSH 1 **!* 6 « © 
T. *1 0.0MHz*»6ftGHzflF©JfiS««[«(*Tri&f^ 

[H9<z>ffl¥&R91] 30 

[0 1 ] *mj)<DmMm\zm^tzy7)]sx7v y hmm 

[0 3] *»59<0IIS!©9Ht*ffl*3lH 1 (O«*^rW® 

[04] #»?9©ins<D#tt*ffi«*^©«SjR-r« 
ffi0T&£>. 

[0 5] *5EWOIva©9Mta®«5B^0!)«S35«rW® 

40 

[0 6] *5SW©2£«*l£*lrvr^ir*>l*Jl©«* 
£ (2tc-HD/A) =1. OiUci:^ ZnO©JP 

[0 7] *5S?B©3afi«K:43V»TZ nOl0»*$ (2 

7c-h/a) =1. oibfcit, Fmam 
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[0 8 ] *JBH©aEK0llC I a©»tt3SBSBlHPK: 
*V»T, y-l'-V^^HB©^^* (2 n: • HD/ A ) = 
2. OiLfctf, Z nOlOS*t#t- HtCfeltS 

[0 9] *fmv>nmmzj:z>\M<Dm-&3mwLm=?\z 
fcvix, ^-i^^yY-moyn^ (2^-hd/a) = 

4. OtLfctt, ZnO)i©i?*-<h# ; &-H(C*3lt^ 

[010] #»W©*Jfi«lc«fc*IIffi©»tt£K«3*^ 
JC&V^T. ^-f^^KJl©;*** (2 7C-HD/A) 
= 2. Oil/ctf, Z nOlOlS-t^- KlC&tt 

[011] *5SW©HJfi^fc<t-5HS!©5W*«ffiSt^ 
KfcWf, ^-fir : &>F)l©J9^-«r (2tc-HD/A) 
= 4. OiLfcii*. Z nOJi©!*****— HCfctt 

•So" 

[012] *%H©£]SEttK:£&IIl£©Wl!^ffi&* 
^KiJUT, ©J>*£ (2tt-HD/ 

A) =2. OtUctl?, Z nOJtWJP^t&^E— KK1 

[013] #»W©£li^K:J:*IIIg©#tt«i5«* 
A) =4. Otlfcit, Z nOi©f*i#t- FtC 

[014] *»W©^0dfc«fc*IVS!©#tt3Sffi«* ; P 
IC&HT, y'*i J r ; £>Fmc>m?>-$: (2 7T-HD/A) 
= 2. OtLfct^, ZnOJlCJM^^-FKiSW- 

•5. 

[015] JfrfSHO^WfcJcSIYaoWttaffitt*? 1 
IC&HT. y-T-Y' ; &> H»©J?*2r (2tt-HD/A) 
= 4. OtUit, ZnOJi©]**^:**— Klcfc** 

[01 6] *%^©|gig^JtCcfc-5IV^©»tt*fflKS^ 
JCi5V>T, ZnOi©f*$ (2^-H/A) =2. 0 
iLfetf, y-f ^>KH©i?^t ; & : E:-h'tC*iWS 
m^tthMSSftafeK' ©WEtt****-*-^?-?**. 

[«F^©I«BJ] 

1 • • • 

2 ■ • • y*-i\^>Ym 
3 • • • ZnOI 

4 • • • y7";wyj7 

5 • • • mt&mmw. 
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